A trial fibrillation (AF) imposes a large public health burden due to its high prevalence and its associated risk of serious complications. 1 AF that results in a rapid ventricular rate can cause hemodynamic instability and disabling symptoms. While heart rate can be controlled with medications alone, pharmacologic therapy does not suffice or causes significant side effects in many patients. In these cases, catheter ablation is strongly recommended for maintaining normal sinus rhythm. 2 Catheter ablation has been shown to significantly improve quality of life in symptomatic AF patients. 3 Randomized controlled trials are currently ongoing to determine whether catheter ablation impacts the morbidity and mortality of AF. 4 Despite this recommendation, little is known about which patients receive this therapy. Nationwide utilization of catheter ablation for AF has doubled over the past decade, 5 but it is unclear whether this has occurred uniformly, or whether it has been driven by particular types of patients. In the United States, marked demographic differences exist in the utilization of other specialized procedures similar to catheter ablation, as well as treatment for cardiac disease. Black patients are substantially less likely to receive deep brain stimulators for Parkinson disease than nonblack patients, even after controlling for comorbidities and other socioeconomic factors such as insurance type. 6 Female congestive heart failure patients are less likely to be treated by a heart failure specialist than men with the same illness.
differences in AF treatment according to race and sex, including pharmacologic and nonpharmacologic modalities. 8 To investigate whether similar disparities exist in the use of catheter ablation for symptomatic AF in patients across multiple insurance types, we compared the demographic characteristics of patients of who did or did not undergo catheter ablation after presentation to the hospital with AF.
Methods

Study Design
This was a retrospective cohort study conducted using de-identified administrative patient claims data from emergency department (ED) visits and acute care hospitalizations at nonfederal healthcare institutions across California, Florida, and New York. Designated state agencies collect these data as part of their regulatory role and provide a de-identified version to the Agency for Healthcare Research and Quality. 5 Each patient is assigned an anonymous identifier that allows tracking of patients across multiple visits and multiple years. This analysis was approved by the Weill Cornell Medical College institutional review board.
Patient Population
We identified patients at the time of a first-recorded hospital discharge with a primary diagnosis of AF, defined as International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis code 427.31. We included patients with an initial visit between 2005 and 2010 in California, 2005 and 2011 in Florida, and 2006 and 2010 in New York; these dates were chosen to allow at least 1 year of follow-up for all patients. We excluded patients whose first visit involved an ablation procedure, because we were interested in assessing rates of ablation after hospitalization with symptomatic AF.
Measurements
Our outcome was catheter ablation of AF. Since no specific International Classification of Diseases, Ninth Revision, Clinical Modification procedure code exists for the ablation of AF, we assessed the sensitivity and specificity of procedure code 37.34 (ablation of heart tissue) in a sample of patients at New York-Presbyterian Hospital/Weill Cornell Medical Center. A single blinded investigator (G.G.) reviewed the medical records of 25 patients with a primary discharge diagnosis of AF and procedure code 37.34, as well as the records of 25 patients with a primary discharge diagnosis of AF and no procedure code 37.34, while blinded to the procedure code. Using the determination of whether an AF ablation procedure was performed as "gold standard," we calculated the sensitivity and specificity of procedure code 37.34. Our initial review found this code to have a sensitivity of 100% (95% CI 84 to 100) and a specificity of 86% (95% CI 68 to 96). Posthoc review of the false-positive procedure codes indicated that they were for ablation of ventricular tachycardia in patients who also had AF. We then tested a revised algorithm defining AF ablation as procedure code 37.34 during a hospitalization with a primary discharge diagnosis of AF and no discharge diagnosis of ventricular tachycardia. Using a further round of blinded medical record review validation, we found this revised algorithm to have a sensitivity of 96% (95% CI 80 to 100) and a specificity of 100% (95% CI 86 to 100). Given its superior combination of sensitivity and specificity, we then used this second algorithm to define catheter AF ablation in our analysis. To further ensure that we excluded procedures for ablation of common arrhythmias other than AF, we performed additional analyses that also excluded procedures in patients with diagnosis codes for paroxysmal supraventricular tachycardia (International Classification of Diseases, Ninth Revision, Clinical Modification code 427.0) or other unspecific cardiac arrhythmias (427.89).
In a secondary analysis, we examined rates of ablation procedures aimed at rhythm control (eg, pulmonary vein isolation) as opposed to rate control (eg, atrioventricular node ablation). Since atrioventricular node ablation requires the presence of a pacemaker, we repeated the chart review above in a different sample of patients to assess the sensitivity and specificity of our procedure code algorithm in the absence of any codes relating to a cardiac pacemaker. This revealed that procedure code 37.34 in the presence of a primary discharge diagnosis of AF and no codes for ventricular tachycardia or a cardiac pacemaker has a sensitivity of 92% (95% CI 74 to 99) and a specificity of 96% (95% CI 79 to 100) for ablation procedures designed to restore sinus rhythm, such as pulmonary vein isolation.
Our main goal was to assess the relationship between demographic characteristics and receipt of catheter ablation. Specifically, we were interested in age, sex, race, insurance type, and income level. Since the burden of medical comorbidity is likely to vary across demographic profiles and simultaneously be associated with selection of patients as appropriate candidates for an invasive procedure, we adjusted for all Elixhauser comorbidities 9 as well as particularly relevant comorbidities not included in the Elixhauser list: stroke, transient ischemic attack, and coronary heart disease.
To account for secular trends in use of catheter ablation, 10 we adjusted for the year of index hospitalization.
Statistical Analysis
Descriptive statistics were used to report and compare baseline patient characteristics between those who did or did not subsequently receive catheter ablation. We compared proportions using the v 2 test and continuous measures using the t test or rank-sum test as appropriate. Cumulative rates of catheter AF ablation after initial presentation were calculated using Kaplan-Meier survival statistics. Patients entered observation at the time of their first hospitalization with a primary AF diagnosis, and were censored at the time of catheter ablation, in-hospital death, or latest available followup. Cox proportional hazards analysis was used to assess the association between baseline demographic characteristics and receipt of ablation while adjusting for medical comorbidities. To assess the degree of healthcare utilization related to AF as well as the overall degree of utilization, we used the same models to assess the likelihood of repeated admissions for AF and for any cause. The threshold of statistical significance was set at a=0.05. All statistical analyses were performed using Stata/MP version 13 (College Station, TX).
Results
We identified a total of 397 612 patients who were hospitalized with AF, of whom 16 717 (4.2%, 95% CI 0.41 to 0.43) ultimately underwent ablation during a mean follow-up time of 3.16 years (SD, 1.9 years). Patients who underwent ablation were significantly younger, more often male, more often white, and more often privately insured (Table 1) . Patients undergoing ablation also had higher household income, and faced a lower burden of medical comorbidity. Cumulative rates of catheter ablation according to sex and race are shown in Figures 1 and 2 . In multivariate Cox regression models adjusting for demographic characteristics and medical comorbidities, the likelihood of ablation was lower in women (hazard ratio [HR] 0.83; 95% CI 0.80 to 0.86), Hispanics (HR 0.60; 95% CI 0.56 to 0.64), Asians (HR 0.58; 95% CI 0.52 to 0.66), and blacks (HR 0.68; 95% CI 0.64 to 0.73) even after adjustment for insurance status and income level ( Although women were less likely to undergo ablation, they were more likely than men to have repeat hospitalizations for AF (HR 1.23; 95% CI 1.21 to 1.24) or for any cause (HR 1.10; 95% CI 1.09 to 1.10). Compared to whites, blacks had a slightly lower likelihood of AF-related repeat hospitalization (HR 0.97; 95% CI 0.94 to 0.99) and a higher likelihood of repeat hospitalization for any cause (HR 1.38; 95% CI 1.37 to 1.39). The same pattern existed for Hispanics. We found nearly identical patterns when excluding procedures in patients with diagnoses for paroxysmal supraventricular tachycardia or other unspecified arrhythmias, and when specifically assessing ablation procedures designed for rhythm control.
Discussion
In a large, population-based sample of patients hospitalized for AF, we found that the likelihood of subsequent catheter ablation was greater in whites and in men than in nonwhites and women. Additionally, we found that likelihood of catheter ablation was lower in individuals who had lower incomes and were insured through government-sponsored insurance programs. Moreover, lower rates of ablation in women and nonwhites occurred despite similar or higher rates of readmissions related to AF. These differences were seen after adjustment for income, insurance status, and medical comorbidities.
Our results fit the well-established demographic trend in American cardiovascular care. In comparison to whites, black patients are less likely to undergo invasive cardiac procedures, 11, 12 cardiac catheterizations following acute myocardial infarction, 13 and cardiac resynchronization therapy in systolic heart failure. 14 Female patients with coronary artery disease have been shown to receive less aggressive care than men, 15, 16 and female diabetic veterans are less likely to receive lipid-lowering therapies than their male counterparts. 17 The results of our study are also consistent with recently documented patterns favoring white male patients in the treatment of AF in particular. Naderi et al showed that black patients hospitalized with AF received inpatient AF-targeted therapies less frequently than whites. 18 As described elsewhere, Hispanics and women with newly diagnosed AF were less likely to receive catheter ablation in comparison to whites and men despite adjusting for medical comorbidities, age, and income; in this same study, black patients were also significantly less likely than white patients to receive rate control, rhythm control, or anticoagulant therapies. 8 Although this study examined an older patient cohort and a wider range of AF treatments than our present study, these results parallel our current findings with respect to catheter ablation. It is important to note that racial disparities are likely the results of complex interactions between socioeconomic characteristics, clinical conditions, and available healthcare provider characteristics-not all of which were known to us because of the nature of our data. From an economic perspective, it is clear that physician reimbursements impact physician behavior. 19 Likewise, electrophysiologists may have been more reluctant to pursue catheter ablation in Medicaid or Medicare patients due to the comparatively lower physician fee reimbursements from government-sponsored plans when compared to private insurance plans. Medicare physician fee schedules for percutaneous cardiac ablation procedures are generally higher than those of Medicaid, 20-22 but while Medicaid and
Medicare physician fee reimbursements for catheter ablation are publicly available, similar data from private payers are not. 23 The effect of these reimbursement differences on the demographic incongruities we found is therefore clouded by the paucity of data on private insurance plan reimbursements nationwide, but could theoretically provide an explanation for the comparatively lower likelihood of catheter ablation in Medicaid-insured patients. Similarly, hospital reimbursements for catheter ablation procedures could have also driven some of the observed demographic differences in treatment. In 2012, US hospitals were reimbursed an average of $10 338 by Medicare for an admission in which the principal procedure was a percutaneous cardiovascular procedure without a coronary stent. 24 As discussed elsewhere, however, private payer reimbursement data to hospitals are largely unavailable. While the ratio between reimbursement and per-procedure cost would hypothetically be of high importance, multiple issues make the concept of catheter ablation "cost" difficult to pinpoint.
Procedure cost likely fluctuates between healthcare institutions 24 and cannot be reliably generalized from the existing cost-effectiveness studies on catheter ablation. 25, 26 Greater transparency for insurance payer reimbursements to hospital systems and further research on generalizable costeffectiveness data would be useful in definitively making conclusions on the relationship between institutional costs, reimbursements, and demographic disparities in the provision of catheter ablation. Although insurance types may play an important role in explaining our results, they do not entirely explain the differences in catheter ablation according to income, race, and sex that we found after adjusting for insurance type. The relatively lower likelihood of ablation seen in uninsured patients and women in our study may have been confounded by low income levels and subsequent inability to afford the procedure. Data from the US Census show that individuals with low household incomes are more frequently uninsured, and that a larger percentage of adult women than men lived under the poverty threshold in the year 2011. 27 Out-of-pocket costs to undergo catheter ablation are not well defined and probably depend on variable factors such as location, hospital fee schedules, and individual electrophysiologist preferences. Despite this, a relative unaffordability of catheter ablation in lower-income groups, including women, may partially explain the lower likelihood of ablation in these groups. While associations between race, income, and sex do exist in nationwide data, they do not fully account for the lower likelihood of receiving catheter ablation in nonwhites and women. Additional unmeasured factors, such as language barriers, may have affected physician decision making in Hispanic patients, 28 and women may also have been more reluctant to communicate concerns to their physicians. 29 In light of the extensive literature on racial and sex-based disparities in cardiovascular care, conscious or unconscious biases on the part of treating physicians should also be considered as plausible explanations for the differences we found in our study. The strengths of this study are its large, generalizable study population, relatively long period of follow-up, and its use of a multivariate model to adjust for multiple confounders. However, our study is limited by several factors. First, we lacked detailed clinical data and thus could not differentiate between patients with paroxysmal, persistent, and permanent AF. Catheter ablation is approved by the Food and Drug Administration for paroxysmal AF but not persistent AF, 2 and it is unknown whether AF type may have driven patient selection in our sample. Similarly, not all episodes of AF provoke the same severity of patient symptoms, and we were unable to account for sex and racial differences in symptomatology, [30] [31] [32] which is likely a key driver in the decision for patients to present to the hospital, as well as for providers to perform ablation. The lack of clinical data also means that we could not account for antithrombotic therapy status, which may have affected decisions about ablation. Second, we lacked the detailed clinical information needed to assess whether patients who did not ultimately undergo ablation either were not offered it, or declined to proceed with treatment. Third, our study design, which focused on predictors of ablation, did not allow us to assess the impact of the disparities we describe on healthcare costs or on patient outcomes, such as mortality, or freedom from symptoms. Fourth, we cannot be sure that patients had not previously undergone ablation in the years prior to the time period for which we have data. Fifth, we cannot rule out sex and racial differences in rates of loss to follow-up due to emigration out of state. Future studies will be needed to assess demographic differences in utilization of ablation for AF while adjusting for important clinical covariates that are not available in administrative claims data.
In conclusion, we found suggestions of significant demographic differences-mainly in race, sex, and insurance type-in the provision of catheter ablation after hospital presentation for AF in the United States. While these differences were consistent with well-described national delivery patterns for cardiovascular procedures, the causes remain unclear and may be multifactorial. It is important for treating physicians to be aware that such differences in treatment may exist, not only for the goal of providing their patients with optimal medical care, but also to help reduce the large problem of US healthcare inequality.
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